Polar solvents are characterized by statistical distributions of solute-solvent interaction energies that result in inhomogeneous broadening of the solute electronic spectra. This allows photoselection of the high interaction energy part of the distribution by excitation at the red (long-wavelength) edge of the absorption bands. We observe that intramolecular electron transfer in the bianthryl molecule from the locally excited (LE) to the charge-transfer (CT) state, which requires solvent relaxation and does not occur in vitrified polar solutions, is dramatically facilitated in low-temperature propylene glycol glass by the red-edge excitation. This allows one to obtain spectroscopically the pure CT form and observe its dependence upon the relaxational properties of the solvent. A qualitative potential model of this effect is presented.
Charge-transfer (CT) reactions in polar solvents are different from those in the gas phase. Their rates depend upon the solvent and in many cases can be correlated with such solvent parameters as electronic and nuclear polarizabilities, dipole moments, and relaxation rates (1) (2) (3) . One can observe the inhomogeneity of reaction kinetics, which is expected to be very important for reactions on surfaces (4) in microheterogeneous media: micelles, microemulsions, and protein molecules (5, 6) . Many important questions, however, remain unresolved. What is the dimensionality of the solvent coordinates? Can the solvents be characterized as homogeneous media and thermal baths only? If the solvent-derived inhomogeneity exists, is it static or dynamic in the sense that averaging of local states and interactions occurs faster or slower than the characteristic time of the reaction? Is the solvation of the reactant always at equilibrium in the course of the reaction? What is the nature of the control of reaction rate by the solvent dynamics? Is it controlled by its relaxational motions towards equilibrium, or is it dependent on frictional resistance of the already equilibrated solvent? The analysis of CT reactions in the excited state proves to be advantageous in resolving these problems for several reasons. There is a possibility of starting the reaction by a light pulse and observing its kinetics in real time (7, 8) . Similar time-resolved experiments can be used to study dipolerelaxational solvent dynamics (8, 9) , and the site selectivity also can be easily achieved by excitation at selective wavelengths within inhomogeneously broadened absorption bands (10) (11) (12) .
Inhomogeneous broadening is known to be a significant contribution to the broadening of electronic spectra in polar solutions due to the distribution of solute-solvent interaction energies of a chromophore in different local environments (6, (10) (11) (12) (13) (14) (15) . This results in a number of effects, which can be classified as either static (and observed in the steady-state spectra) or dynamic (and detectable in time-resolved experiments) (16, 17) . Static effects of inhomogeneous broadening are observed in solid and viscous solutions where the mean relaxation time TR of the solvent molecules is longer than the fluorescence lifetime TF, and dynamic effects are observed in liquid solutions where TR is shorter than TF. Among the former are the so-called "red-edge effects," one of which is the shift of fluorescence emission spectra to longer wavelengths on excitation at the red (long-wavelength) edge of the absorption band. This effect is due to site photoselection out of the chromophore-environment population of those species that interact most strongly with the environment in the excited state (10, 11) . This effect disappears in the course of solvent relaxation, which is associated with the mixing and averaging of local environments.
Photoexcited intramolecular electron transfer reactions in polar solutions can occur according to the adiabatic outersphere mechanism (2, 3, 18, 19) , which can involve the participation of solvent dynamics. A correlation between the electron transfer rate kET and the relaxation rate TR 1 has been found in experiments (7, 8, 20, 21) , suggesting that the reaction is somehow controlled by time-dependent solvation. Therefore, it seems interesting to see whether the sitephotoselection can influence the rate of these reactions.
We report on a red-edge effect that we have not found described previously: the dependence of photoexcited electron transfer rate on the excitation wavelength. The results demonstrate that site photoselection at the red edge of the absorption band allows intramolecular electron transfer in bianthryl to proceed in vitrified and viscous polar environments.
MATERIALS AND METHODS 9,9'-Bianthryl, which was synthesized according to Bell and Waring (22) , was a gift from G. Walker (University of Minnesota, Minneapolis). Propylene glycol was the best commercial grade, and it was preliminarily checked for fluorescent impurities. The bianthryl concentrations corresponded to an absorbance of 0.05 at 365 nm.
The fluorescence spectra were recorded with a Hitachi MPF4 spectrofluorimeter operated in the signal ratio mode. The light sources were a 150-W xenon lamp, and, for excitations at 365 and 403 nm, a mercury lamp. The spectral bandwidths were 1 nm for excitation and 5 nm for emission monochromators. Experiments were performed in quartz tubes with a diameter of 3 mm located in a quartz Dewar flask. The temperature was regulated and measured as described (23) .
RESULTS
Bianthryl is a covalently linked anthracene dimer that in the excited state can exist in two spectroscopically distinct Abbreviations: LE, locally excited; CT, charge transfer.
9311
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
9312
Chemistry: Demchenko and Sytnik forms: a nonpolar, locally excited (LE) state and a polar CT state. In rigid environments such as vitrified polar solvents at low temperatures, only the nonpolar LE form is observed (365-nm excitation) (Fig. LA) , which agrees with previously published data (24) . Increasing the temperature, which accelerates solvent relaxation, generates the CT form, the spectrum of which is very different from that of the LE form: it is structureless and shifted to longer wavelengths. However, when the excitation wavelength is shifted to the longwavelength edge of the spectrum, we come to an unexpected result: the CT form is excited directly even at low temperatures, in a solid glassy solvent (Fig. 1B) . This form is easily recognized by complete loss of structure in the fluorescence spectra, and its position at shorter wavelengths relative to that at higher temperatures suggests nonequilibrium solvation of this form.
The excitation-wavelength dependence of the position of the fluorescence spectrum reflects the generation of the CT form (Fig. 2) . This effect is very pronounced at the "red edge" of the absorption spectrum (>390 nm), but it also shows up on the long-wavelength sides of the higher energy vibronic maxima. The possibility of photoselection of CT forms existing already in the ground state or any impurities is unlikely, -since there are no differences in the excitation spectra observed at different emission wavelengths, including long-wavelength emissions, where only the CT form contributes to the fluorescence spectrum (Fig. 2) . At the red-edge excitation at low temperatures, the electron transfer is facilitated to such an extent that the CT state becomes the only form emitting. In contrast, at room temperatures the spectrum of the CT form is excitation-wavelength independent. This is in accord with the data obtained by timeresolved spectroscopy (20, 21, (25) (26) (27) DISCUSSION Photoinduced electron transfer in 9,9'-bianthryl is one of the most extensively studied intramolecular CT reactions (28) . The electron is transferred from the nonpolar LE state to the polar CT state. The latter is characterized by a significant charge separation, which is a result of small electronic interactions between the two rings in the ground state, which are oriented perpendicular to each other (29) .
Unlike other CT reactions involving the anthryl group (28), the bianthryl reaction does not involve significant torsional motion about the bond that connects the two aromatic rings (21) . It is characterized by a small activation energy barrier (Ea << kBT, the product of the Boltzmann constant and absolute temperature) and by adiabaticity of the reaction mechanism, which may be the reason why its rate depends upon the dynamics of the solvent. For bianthryl, this rate, kCT, strongly correlates with the microscopic relaxation time of the solvent, which was determined by the fluorescent probe method (20) and depends strongly on the parameters on which the relaxation time depends: the temperature (24) and pressure (26, 30) . The correlation observed in our experiments between the temperature-dependent relaxational shifts of the CT form and its relative concentration is in accord with these findings.
The polar character of the CT state was demonstrated by the dependence of its fluorescence spectrum on solvent polarity in a series of liquid solvents (18, 24, 30) . It is confirmed in our study while temperature-dependent shifts of the pure CT form are observed. The direct generation of the CT state by selective excitation suggests possibilities for conducting time-dependent studies of solvation of this state which previously appeared to be unsuccessful due to the contribution of the LE form.
The LE-CT mixing should significantly reduce the activation barrier for the electron-transfer reactions and produce an energy gap in chromophore-environment interactions within which the transfer is possible (2, 3, 29) . Kang et al. (21) estimated the mixing matrix element to be of the order of -3 kcal/mol (1 kcal = 4.18 kJ) and the activation energy to be lower than kBT. Our experiments demonstrate the possibility of direct photoselection of "rigid" chromophore-environment configurations which are "ready" for the transfer. These configurations can also be formed by fluctuations in fast-relaxing liquid solvents. This suggests that the solvent relaxation controls the rate of transfer by the dynamic formation of optimal solvent-environment configurations rather than by direct involvement in the electron transfer act.
The proposed mechanism is the following (Fig. 4A) required for the electron transfer. The CT state, however, remains unrelaxed, owing to its specific solvent configuration.
In the case of fast relaxations in liquid solvent (TR < TF) (Fig. 4B) , this relaxation is able to create strongly interacting solute-solvent equilibrium environments for this whole population in solution. Therefore, the electron transfer reaction Chemistry: Demchenko and Sytnik   9314 Chemistry: Demchenko and Sytnik is fast and is limited by the solvent relaxation rate. But this is only the first step of relaxation, the relaxation associated with the LE form. There also should be a second step, which is responsible for shift of the CT spectrum to longer wavelengths. The polar CT form, when it appears, is not in equilibrium with the surrounding dipole orientation of the polar solvent. Solvent reorientational motions are necessary to achieve the configuration that is at equilibrium with the high dipole moment excited solute.
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